Background: Both medication-overuse headache (MOH) and drug dependence share similar clinical features and the latter displays some deficits in visuospatial attention. The line bisection performance might help to indicate whether there is also a disruption in the visuospatial attention in MOH. Methods: We administered the line bisection test and measured anxiety and depression levels in 21 patients with MOH, 26 patients with chronic tension-type headaches (CTTH) and in 22 healthy volunteers. Results: On average, MOH patients significantly bisected leftward when referring to both frequency and magnitude, whereas the healthy volunteers and CTTH patients bisected slightly rightward. The levels of anxiety and depression were elevated in both MOH and CTTH patients compared to healthy volunteers, but the anxiety / depression levels were not correlated with the line bisection errors in all participants. Conclusions: We found a pronounced pseudoneglect in MOH, which might indicate a relatively hyperactive right or hypoactive left hemisphere, or both, suggesting the disorder's neuropsychological mechanism might overlap with that of drug dependence.
Introduction
Medication-overuse headache (MOH) is a common public health problem, but its exact pathophysiology is not well understood [1] .
Recently, a central sensitization or defective endogenous pain control, and a possible link between drug dependence and MOH have been suggested as probable explanations [2, 3] .
For example, MOH and substance dependence disorder share some clinical features [4, 5] , and detoxification is a major treatment strategy for MOH [6] [7] [8] . In addition, MOH usually occurs in patients with a history of primary headaches, mainly migraine and tension-type headache.
Clinical studies have shown that patients with migraine [9] [10] [11] or tension-type headache [11] often display various attention problems.
Interestingly, deficits of visuospatial attention have also been documented in drug abusers [12, 13] . There are, however, not many studies addressing the problems of attention in MOH.
Moreover, disruptions of visuospatial attention, i.e., the global spatial attention confined to the visual field, are a hallmark of the clinical neurological syndrome known as hemispatial neglect [14] . Line bisection has been employed as a sensitive test for unilateral neglect [15, 16] . In this task, lateral deviation from the true centre indicates relative inattention to the contralateral side of space, and a consistent leftward error has been reported in healthy volunteers in the Western world, indicating a relative right cerebral dominance [17] . Nonetheless, patients with right hemispheric lesions usually place the subjective midpoint to the right of the true centre [17] . Using the technique in headache research, Hu et al. [18] found that migraine patients bisected slightly rightward, while both chronic tension-type and frequent episodic tension-type headache sufferers bisected significantly leftward.
Interestingly, evidence suggests that the right hemisphere has a higher sensitivity to drug dependence than the left. For example, using electroencephalography, Fingelkurts et al. [19] found a right-sided cerebral dominance in patients with opioid dependence; using fMRI, Orr et al. [20] found an increased activity in the right hemisphere, including the superior frontal gyrus, inferior frontal gyrus, superior parietal gyrus, and inferior temporal gyrus in patients with cannabis dependence. One might therefore ask whether MOH patients display a right hemispheric dominance when processing visual stimulation. Thus, we hypothesize that MOH patients exhibit a pronounced leftward error in the line-bisection task.
On the other hand, with regards to attack frequency, intensity, and duration, MOH behaves more similarly to chronic tension-type headache (CTTH) than to chronic migraine in clinics [21, 22] . In order to exclude the effect of chronic head pain, we have included a group of patients with CTTH. Bearing in mind that patients with generalized anxiety disorder bisected lines significantly leftward [23] , and that both anxiety and depression are comorbid with MOH [24, 25] and CTTH [26] [27] [28] , we have used the Zung Self-Rating Anxiety Scale [29] and the Zung Self-Rating Depression Scale [30] to measure the anxiety and depression levels in our participants. the Zung 20-item Self-rating Anxiety Scale [29] .
Experimental procedures
No participants had ingested alcohol, drugs, or medication for at least 72 hours prior to the test. The study was approved by a local ethics committee, and all participants gave their written informed consent to participate in the study.
Handedness was determined using a Chinese translation of the Edinburgh
Handedness Inventory [31] , which has been used in previous studies [18, 23] . Each of the 12 items of the inventory were scored 1, 2 or 3 according to the left-hand, either left or right, or right-preference. All participants scored from 29 to 36 and were considered to be moderate or strong right-handers.
Procedures
All participants were asked to bisect eight lines without measuring or folding the paper. The Here we used a method developed by Drake and Ulrich [33] . Briefly, the distance of the line 
Results
There were significant differences between 
Discussion
We found that patients with MOH bisected significantly more leftward than the healthy controls did, which confirmed our hypothesis. Our healthy volunteers on the other hand, bisected slightly rightward, which is consistent with previous reports in Chinese participants [18] . Our patients with CTTH bisected rightward, although nonsignificantly, which was not consistent with the findings of Hu et al. [18] . The reason for the discrepancy is unclear, the different levels of anxiety co-morbid with CTTH in two different studies might account for it, since anxiety is indeed related to leftward bisection errors [23] . Unfortunately, the previous study [18] did not measure the anxiety levels in their CTTH
patients. In the current study, we also found that both anxiety and depression levels were higher in CTTH and MOH, which is consistent with previous reports [24] [25] [26] [27] [28] . Moreover, age correlates with the line bisection errors found in the current study were consistent with many previous reports [17] , implying an age-related and right-(facial decision task) hemispheric dominant tasks [41] . Right hemisphere dominance is also found in over-eating behavior [42] [43] [44] , which is considered a behavioral addiction [45, 46] . This pattern of hemispheric dominance is also depicted in patients with Parkinson's disease and pathological gambling, by perfusion single-photon emission computed tomography [47] . Further, the obsessive-compulsive trait represents a major risk of headache chronification and drug dependence [48, 49] . These findings thus support the leftward line bisection errors found in MOH, since some MOH patients present both medication overuse and obsessive-compulsive behaviors in clinics [50, 51] .
Although we were not aiming to describe the neurobiological bases for visuospatial attention deficits in MOH patients, previous neuroanatomical and neurobiochemical results conducted elsewhere might help to explain our current findings. For instance, a significant right lateralization of the perisylvian network, including the posterior and inferior sylvian areas, and the temporoparietal junction, is engaged in visuospatial attention in humans [52] . In healthy adults the genetic markers of dopaminergic receptors adequately predict the direction of spatial attentional bias [53] , irrespective of a non-spatial attention load [54] . In cocaine, or other drug abusers, dopaminergic neurotransmitters play a very important role in visuospatial attention [55, 56] . MOH patients also present dysfunctions in the mesocorticolimbic dopamine-circuit [57] , which has been consistently implicated in drug dependence [58] . Furthermore, genetic predisposition to MOH is traced to the polymorphisms of dopamine-related genes [59, 60] . Taken together, these findings point to a common neurobiological substrate for both MOH and drug dependence disorders.
One should also bear in mind the limitations of our study design. First, although we did not detect significant age differences in the current design, age was significantly correlated with the 
